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(54)  FLUOROCOPOLYMER  AND  FILM  MADE  THEREFROM 

(57)  A  fluorine-containing  copolymer  comprising 
ethylene,  tetraf  luoroethylene,  a  f  luorovinyl  compound  of 
the  formula:  CH2=CFRf  in  which  Rf  is  a  fluoroalkyl 
group  having  2  to  10  carbon  atoms,  and  hexafluoropro- 
pylene,  in  which  a  molar  ratio  of  tetrafluoroethylene  to 
ethylene  is  from  40:60  to  90:1  0,  the  content  of  the  above 
fluorovinyl  compound  of  the  formula:  CH2=CFRf  is  from 
0.1  to  10  mole  %  based  on  the  whole  copolymer,  and 
the  content  of  hexafluoropropylene  is  from  0.1  to  30 
mole  %  based  on  the  whole  copolymer.  This  fluorine- 
containing  copolymer  can  provide  films  having  good 
transparency  and  high  tear  strength,  and  such  films  are 
useful  as  weather-resistant  protective  films,  films  for 
agricultural  housings,  films  for  constructions,  and  the 
like. 
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Description 

Field  of  the  Invention 

5  [0001  ]  The  present  invention  relates  to  a  novel  fluorine-containing  copolymer  and  a  film  comprising  the  same.  In  par- 
ticular,  the  present  invention  relates  to  a  fluorine-containing  polymer  comprising  ethylene  and  tetraf  luoroethylene,  which 
can  be  extrusion  molded  to  provide  a  film  having  high  transparency  and  tensile  strength. 

Prior  Art 
10 

[0002]  Ethylene-tetrafluoroethylene  copolymers  (hereinafter  referred  to  as  "ETFE")  are  widely  used  as  materials  of 
molded  articles,  wire  coatings,  linings,  coatings,  etc.  since  they  have  good  chemical  resistance,  heat  resistance,  elec- 
trical  properties  and  the  like,  and  furthermore  they  are  easily  melt  processed. 
[0003]  In  these  years,  ETFE  films  are  used  as  protective  films  of  agricultural  houses  and  building  materials  by  making 

15  use  of  their  good  transparency  and  weather  resistance. 
[0004]  JP-B-3-20405  discloses  an  ethylene-tetrafluoroethylene  copolymer  comprising  ethylene,  tetrafluoroethylene 
and  a  f  luorovinyl  compound  of  the  formula: 

CH2=CFRf 
20 

wherein  Rf  is  a  fluoroalkyl  group  having  2  to  10  carbon  atoms,  in  which  a  molar  ratio  of  tetrafluoroethylene  to  ethylene 
is  from  40:60  to  60:40  and  the  content  of  the  fluorovinyl  compound  is  from  0.1  to  10  mole  %  based  on  the  whole  copol- 
ymer. 
[0005]  However,  films  obtained  by  the  extrusion  molding  of  ETFE  have  a  drawback  that  they  have  the  large  anisotropy 

25  of  tear  strength  between  a  machine  (extrusion)  direction  (MD)  and  a  transverse  direction  (TD),  that  is,  the  tear  strength 
in  the  transverse  direction  is  lower  than  that  in  the  machine  direction.  They  have  another  drawback  that  the  tear  strength 
of  the  films  decreases  as  a  molecular  weight  decreases.  The  films  are  required  to  have  improved  tear  strength,  partic- 
ularly  when  they  are  used  to  cover  agricultural  houses. 
[0006]  In  connection  with  transparency,  films  having  a  haze  of  about  60  %  or  less  at  a  film  thickness  of  2  mm  are 

30  desired.  To  this  end,  a  large  amount  of  expensive  fluorovinyl  monomers  should  be  copolymerized  to  impart  such  trans- 
parency  to  the  films,  but  the  use  of  fluorovinyl  monomers  in  a  large  amount  is  disadvantageous  from  the  economical 
viewpoint. 
[0007]  JP-A-49-24295  discloses  a  copolymer  comprising  ethylene,  tetrafluoroethylene  and  hexaf  luoropropylene,  and 
describes  that  the  copolymerization  of  hexaf  luoropropylene  improves  the  transparency  of  copolymer  films.  However, 

35  such  an  effect  to  improve  the  transparency  is  still  insufficient.  Hexafluoropropylene  should  be  copolymerized  in  a  large 
amount,  when  it  is  used  alone  as  the  third  monomer.  Furthermore,  the  use  of  hexafluoropropylene  decreases  the  melt- 
ing  point  of  copolymers,  and  thus  such  copolymers  cannot  be  used  in  applications  requiring  heat  resistance. 

Summary  of  the  Invention 
40 

[0008]  One  object  of  the  present  invention  is  to  provide  a  novel  fluorine-containing  copolymer  comprising  ethylene 
and  tetrafluoroethylene,  which  is  extrusion  molded  to  provide  films  having  good  transparency  and  tear  strength. 
[0009]  The  above  object  is  accomplished  by  a  fluorine-containing  copolymer  comprising  ethylene,  tetrafluoroethylene, 
a  fluorovinyl  compound  of  the  formula: 

45 
CH2=CFRf  (1) 

wherein  Rf  is  a  fluoroalkyl  group  having  2  to  10  carbon  atoms,  and  hexafluoropropylene,  in  which  a  molar  ratio  of 
tetrafluoroethylene  to  ethylene  is  from  40:60  to  90:10,  the  content  of  the  above  fluorovinyl  compound  of  the  formula: 

so  CH2=CFRf  is  from  0.1  to  10  mole  %  based  on  the  whole  copolymer,  and  the  content  of  hexafluoropropylene  is  from  0.1 
to  30  mole  %  based  on  the  whole  copolymer. 

Detailed  Description  of  the  Invention 

55  [001  0]  The  molar  ratio  of  tetrafluoroethylene  to  ethylene  in  the  fluorine-containing  copolymer  of  the  present  invention 
is  generally  from  40:60  to  90:10.  The  decomposition-starting  temperature  of  the  copolymer  greatly  decreases,  as  the 
proportion  of  ethylene  increases.  Thus,  the  amount  of  tetrafluoroethylene  is  preferably  at  least  equimolar  to  ethylene. 
When  the  proportion  of  ethylene  is  too  larger,  a  polymerization  rate  decreases.  Thus,  the  molar  ratio  of  tetraf  luoroeth- 
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ylene  to  ethylene  is  preferably  less  than  70:30. 
[0011]  The  first  modifying  monomer  used  in  the  present  invention  is  a  fluorovinyl  compound  of  the  above  formula  (1). 
[0012]  The  number  of  carbon  atoms  in  the  Rf  group  is  usually  from  2  to  10.  When  the  Rf  group  has  only  one  carbon 
atom,  the  properties  of  copolymers  are  not  satisfactorily  modified  or  improved.  When  the  number  of  carbon  atoms  in 

5  the  Rf  group  exceeds  10,  the  polymerization  reactivity  of  the  compound  disadvantageously  decreases. 
[001  3]  The  Rf  group  is  preferably  a  perf  luoroalkyl  group,  or  an  co-hydro-  or  oo-chloroperf  luoroalkyl  group  from  the  view- 
point  of  heat  resistance  of  obtained  copolymers. 
[0014]  Among  the  fluorovinyl  compounds  (1),  a  fluorovinyl  compound  of  the  formula: 

w  CH2=CF(CF2)nH  (2) 

wherein  n  is  an  integer  of  2  to  10  is  preferable,  and  in  particular,  a  fluorovinyl  compound  of  the  formula  (2)  in  which  n  is 
3  to  5  is  preferable,  from  the  viewpoint  of  copolymerization  properties,  the  costs  of  monomer  preparations,  and  the 
properties  of  obtained  copolymers. 

15  [0015]  The  content  of  a  fluorovinyl  compound  (1)  is  usually  in  the  range  between  0.1  and  10  mole  %  based  on  the 
whole  copolymer.  When  the  content  of  a  fluorovinyl  compound  (1)  is  less  than  the  above  lower  limit,  molded  articles  of 
the  copolymers  are  cracked  in  the  molding  process,  so  that  no  acceptable  products  are  obtained.  When  the  content  of 
a  fluorovinyl  compound  (1)  exceeds  the  above  upper  limit,  obtained  polymers  become  economically  disadvantageous, 
since  the  fluorovinyl  compound  (1)  is  more  expensive  than  ethylene  and  tetrafluoroethylene.  The  content  of  the  fluor- 

20  ovinyl  compound  (1)  is  preferably  from  0.1  to  6  mole  %  based  on  the  whole  copolymer. 
[0016]  The  second  modifying  monomer  used  in  the  present  invention  is  hexafluoropropylene.  The  content  of  hex- 
afluoropropylene  is  generally  in  the  range  between  0.1  and  30  mole  %  based  on  the  whole  monomer,  and  a  small 
amount  of  hexafluoropropylene  can  achieve  the  objects  of  the  present  invention. 
[0017]  When  the  content  of  hexafluoropropylene  is  less  than  the  above  lower  limit,  the  anisotropy  of  the  films  is  not 

25  sufficiently  suppressed.  When  the  content  of  hexafluoropropylene  exceeds  the  above  upper  limit,  a  polymerization  rate 
greatly  decreases,  which  is  economically  disadvantageous.  The  content  of  hexafluoropropylene  is  preferably  from  0.1 
to  20  mole  %,  more  preferably  from  0.1  to  10  mole  %,  based  on  the  whole  copolymer. 
[0018]  The  effect  of  hexafluoropropylene  to  improve  the  transparency  of  films  is  greatly  enhanced  by  the  copolymer- 
ization  of  the  fluorovinyl  compound  (1)  together  with  hexafluoropropylene. 

30  [0019]  In  addition  to  the  above  four  monomers,  the  fluorine-containing  copolymer  of  the  present  invention  may  com- 
prise  at  least  one  additional  fluorine-containing  monomer  or  fluorine-free  monomer  in  an  amount  such  that  the  object 
of  the  present  invention  is  not  impaired.  Examples  of  such  additional  monomers  include  vinylidene  fluoride,  chlorotrif- 
luoroethylene,  trifluoroethylene,  propylene,  etc. 
[0020]  The  fluorine-containing  copolymer  of  the  present  invention  may  be  prepared  by  any  conventional  methods 

35  employed  to  prepare  ETFE,  such  as  bulk  polymerization,  solution  polymerization,  suspension  polymerization,  emulsion 
polymerization,  vapor  phase  polymerization,  and  the  like. 
[0021]  In  the  industrial  production,  suspension  polymerization  in  an  aqueous  medium  is  preferable,  which  uses  fluo- 
rine-containing  solvents,  and  organic  peroxides  as  polymerization  initiators. 
[0022]  Preferable  examples  of  fluorine-containing  solvents  include  hydrochlorofluorocarbons  (e.g.  CH3CCIF2, 

40  CH3CCI2F,  CF3CF2CCI2H,  CF2CICF2CFHCI,  etc.),  and  perfluoroalkanes  (e.g.  perfluorocyclobutane,  CF3CF2CF2CF3, 
CF3CF2CF2CF2CF3,  CF3CF2CF2CF2CF2CF3,  etc.).  Among  them,  perfluoroalkanes  are  preferable. 
[0023]  The  amount  of  a  solvent  is  preferably  in  the  range  between  1  0  and  1  00  wt.  %  of  water  from  the  viewpoint  of 
suspension  properties  and  costs. 
[0024]  Examples  of  organic  peroxides  used  as  polymerization  initiators  includes  hydrocarbon  type  organic  peroxides 

45  such  as  diisobutylperoxide,  diisopropyl  peroxydicarbonate,  di-n-propyl  peroxydicarbonate,  etc.  Furthermore,  a  peroxide 
of  the  formula: 

(XCmF2mCOO)2  (3) 

so  wherein  X  is  a  hydrogen  atom,  a  fluorine  atom  or  a  chlorine  atom,  and  m  is  an  integer  of  2  to  8 
can  be  exemplified. 
[0025]  Specific  examples  of  the  organic  peroxide  of  the  formula  (3)  include  diperf  luoropropionylperoxide,  di(co-hydrop- 
erfluorohexanoyl)peroxide,  di(co-chloroperfluorohexanoyl)peroxide,  etc. 
[0026]  A  polymerization  temperature  is  not  limited.  The  polymerization  temperature  is  usually  from  0  to  1  00°C  in  com- 

55  mercial  production  processes.  In  general,  low  temperatures  are  preferable  to  avoid  the  deterioration  of  heat  resistance 
of  copolymers  due  to  the  formation  of  ethylene-ethylene  chains  in  the  copolymers. 
[0027]  A  polymerization  pressure  may  usually  be  in  the  range  between  0  and  50  kg/cm2G.  Polymerization  processes 
are  preferably  carried  out  under  a  relatively  low  pressure  of  1  to  20  kg/cm2G.  The  low  pressure  is  also  preferable  from 
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the  viewpoint  of  the  safety  of  operation.  A  polymerization  pressure  may  be  selected  according  to  other  polymerization 
conditions,  such  as  the  kinds,  amounts  and  vapor  pressure  of  used  solvents,  polymerization  temperature,  etc. 
[0028]  In  the  preparation  process  of  the  fluorine-containing  copolymer  of  the  present  invention,  any  conventional 
chain  transfer  agents  may  be  used  to  adjust  the  molecular  weight  of  the  copolymer.  Examples  of  chain  transfer  agents 

5  are  isopentane,  n-pentane,  n-hexane,  cyclohexane,  methanol,  ethanol,  carbon  tetrachloride,  chloroform,  methylene 
chloride,  methyl  chloride,  etc. 
[0029]  Films  of  the  fluorine-containing  copolymers  of  the  present  invention  may  be  produced  by  any  known  methods 
such  as  extrusion  molding,  inflation  forming,  calendering,  and  the  like. 
[0030]  The  thickness  of  a  film  is  not  limited,  and  a  film  having  any  thickness  may  be  used.  The  thickness  of  a  film  is 

10  usually  from  1  0  to  500  urn,  preferably  from  30  to  300  urn,  more  preferably  from  50  to  200  urn. 
[0031]  The  present  invention  will  be  illustrated  by  the  following  examples. 
[0032]  Physical  properties  of  the  copolymers  obtained  in  the  examples  are  measured  as  follows: 

Monomer  composition  of  polymer 
15 

[0033]  The  monomer  composition  of  a  polymer  is  determined  by  19F-NMR. 

Melting  point 

20  [0034]  A  melting  peak  is  recorded  when  a  polymer  is  heated  at  a  heating  rate  of  1  0°C/min.  with  a  Perkin-Elmer  Type 
7  Differential  Scanning  Calorimeter  (DSC).  Then,  a  temperature  corresponding  to  the  maximum  of  a  melting  peak  is 
used  as  a  melting  point. 

Melt  flow  rate 
25 

[0035]  Using  a  KOKA  type  flow  tester,  the  amount  (g/1  0  min.)  of  a  copolymer,  which  flows  out  from  a  nozzle  having  a 
diameter  of  2  mm  and  a  length  of  8  mm  in  a  unit  period  of  time  (10  minutes)  at  300°C  under  a  load  of  5  kg,  is  measured. 

Haze  (cloudiness) 
30 

[0036]  The  haze  of  a  film  is  measured  with  a  haze  meter  (manufactured  by  TOYO  PRECISION  INSTRUMENT  MAN- 
UFACTURING  Co.,  Ltd.). 

Tear  strength 
35 

[0037]  The  tear  strength  of  a  film  is  measured  with  an  Elmendorf  tear  tester  (manufactured  by  TOYO  PRECISION 
INSTRUMENTS  MANUFACTURING  Co.,  Ltd.). 

Example  1 
40 

[0038]  In  a  glass-lined  autoclave  having  an  internal  volume  of  4  liters,  deoxygenated  water  (1  liter)  was  charged,  and 
the  internal  space  of  the  autoclave  was  evacuated.  Then,  perfluorocyclobutane  (105  g)  and  hexafluoropropylene  (150 
g)  were  charged  into  the  autoclave,  and  the  internal  temperature  was  maintained  at  35°C.  After  that,  CH2=CF(CF2)3H 
(8.0  g)  and  cyclohexane  (4.0  g)  were  charged  into  the  autoclave,  and  then  the  mixed  gas  of  tetrafluoroethylene  and  eth- 

45  ylene  (a  molar  ratio  of  83:17)  was  injected  up  to  12  kgf/cm2G  while  stirring.  Thereafter,  di-n-propyl  peroxydicarbonate 
(4.0  g)  was  charged  to  initiate  polymerization. 
[0039]  Then,  the  polymerization  was  carried  out  for  4.2  hours  while  additionally  charging  the  mixed  gas  of  tetrafluor- 
oethylene,  ethylene  and  CH2=CF(CF2)3H  (a  molar  ratio  of  53.5:45.5:1.5)  into  the  autoclave  to  maintain  the  internal 
pressure  at  12  kgf/cm2G,  since  the  internal  pressure  decreased  as  the  polymerization  proceeded. 

so  [0040]  After  the  termination  of  the  polymerization,  the  residual  monomers  and  solvent  were  recovered,  and  the  prod- 
uct  was  washed  and  dried.  Thus,  a  powdery  polymer  (1  16  g)  was  obtained. 

Monomer  composition:  Molar  ratio  of  tetrafluoroethylene:ethylene:CH2=CF(CF2)3H:  hexafluoropropylene  = 
52.8:43.0:1.6:2.6 

55  Melting  point:  250°C 
Melt  flow  rate:  9.0  g/10  min. 
Haze  of  a  2  mm  thick  sheet:  43.6  % 
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Example  2 

[0041]  Polymerization  was  carried  out  for  3.5  hours  in  the  same  manner  as  in  Example  1  except  that  the  charged 
amounts  of  CH2=CF(CF2)3H  and  cyclohexane  were  changed  to  4.0  g  and  5.0  g,  respectively,  and  the  molar  ratio  of  a 

5  supplemented  mixed  gas  of  tetrafluoroethylene,  ethylene  and  CH2=CF(CF2)3H  was  changed  to  53.4:45.8:0.76,  and  a 
powdery  polymer  (1  12  g)  was  obtained. 

Monomer  composition:  Molar  ratio  of  tetrafluoroethylene:ethylene:CH2=CF(CF2)3H:  hexafluoropropylene  = 
53.0:43.4:0.8:2.8 

10  Melting  point:  256°C 
Melt  flow  rate:  9.1  g/10  min. 
Haze  of  a  2  mm  thick  sheet:  56.9  % 

Example  3 
15 

[0042]  Polymerization  was  carried  out  for  3.6  hours  in  the  same  manner  as  in  Example  1  except  that  the  charged 
amounts  of  perfluorocyclobutane,  hexafluoropropylene  and  CH2=CF(CF2)3H  were  changed  to  950  g,  50  g  and  2.0  g, 
respectively,  and  the  molar  ratio  of  a  supplemented  mixed  gas  of  tetrafluoroethylene,  ethylene  and  CH2=CF(CF2)3H 
was  changed  to  53.6:46.0:0.38,  and  a  powdery  polymer  (121  g)  was  obtained. 

20 
Monomer  composition:  Molar  ratio  of  tetrafluoroethylene:ethylene:CH2=CF(CF2)3H:  hexafluoropropylene  = 
51.9:42.8:0.4:4.9 
Melting  point:  247°C 
Melt  flow  rate:  8.8  g/10  min. 

25  Haze  of  a  2  mm  thick  sheet:  53.9  % 

Example  4 

[0043]  Polymerization  was  carried  out  for  5.8  hours  in  the  same  manner  as  in  Example  3  except  that  the  charged 
30  amounts  of  perfluorocyclobutane,  hexafluoropropylene  and  cyclohexane  were  changed  to  635  g,  635  g  and  2.0  g, 

respectively,  and  the  molar  ratio  of  a  supplemented  mixed  gas  of  tetrafluoroethylene,  ethylene  and  CH2=CF(CF2)3H 
was  changed  to  53.6:46.0:0.38,  and  a  powdery  polymer  (121  g)  was  obtained. 

Monomer  composition:  Molar  ratio  of  tetrafluoroethylene:ethylene:CH2=CF(CF2)3H:  hexafluoropropylene  = 
35  47.9:39.5:0.5:12.1 

Melting  point:  194°C 
Melt  flow  rate:  14.9  g/10  min. 
Haze  of  a  2  mm  thick  sheet:  14.3  % 

40  Example  5 

[0044]  Polymerization  was  carried  out  for  6.9  hours  in  the  same  manner  as  in  Example  3  except  that  the  charged 
amounts  of  perfluorocyclobutane,  hexafluoropropylene  and  cyclohexane  were  changed  to  400  g,  800  g  and  1  .0  g, 
respectively,  and  the  molar  ratio  of  a  supplemented  mixed  gas  of  tetrafluoroethylene,  ethylene  and  CH2=CF(CF2)3H 

45  was  changed  to  53.6:46.0:0.38,  and  a  powdery  polymer  (131  g)  was  obtained. 

Monomer  composition:  Molar  ratio  of  tetrafluoroethylene:ethylene:CH2=CF(CF2)3H:  hexafluoropropylene  = 
46.0:37.6:0.4:16.0 
Melting  point:  180°C 

so  Melt  flow  rate:  8.7  g/1  0  min. 
Haze  of  a  sheet  having  a  thickness  of  2  mm:  14.7  % 

Example  6 

55  [0045]  Polymerization  was  carried  out  for  4.0  hours  in  the  same  manner  as  in  Example  1  except  that  the  charged 
amounts  of  perfluorocyclobutane,  hexafluoropropylene,  CH2=CF(CF2)3H  and  cyclohexane  were  changed  to  800  g,  400 
g,  1  .0  g  and  3.0  g,  respectively,  and  the  molar  ratio  of  a  supplemented  mixed  gas  of  tetrafluoroethylene,  ethylene  and 
CH2=CF(CF2)3H  was  changed  to  53.7:46.1  :0.  19,  and  a  powdery  polymer  (1  18  g)  was  obtained. 
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Monomer  composition:  Molar  ratio  of  tetrafluoroethylene:ethylene:CH2=CF(CF2)3H:  hexafluoropropylene  = 
50.4:41.6:0.2:7.8 
Melting  point:  229°C 
Melt  flow  rate:  13.4  g/10  min. 

5  Haze  of  a  sheet  having  a  thickness  of  2  mm:  47.6  % 

Example  7 

[0046]  Polymerization  was  carried  out  for  1  9  hours  in  the  same  manner  as  in  Example  6  except  that  neither  perf  luor- 
10  ocyclobutane  nor  cyclohexane  was  charged,  and  the  charged  amount  of  hexafluoropropylene  was  changed  to  1000  g, 

and  a  powdery  polymer  (130  g)  was  obtained. 

Monomer  composition:  Molar  ratio  of  tetrafluoroethylene:ethylene:CH2=CF(CF2)3H:  hexafluoropropylene  = 
42.0:28.8:0.2:29.0 

15  Melting  point:  11  1°C 
Haze  of  a  2  mm  thick  sheet:  10.0  % 

Comparative  Example  1 

20  [0047]  Polymerization  was  carried  out  for  3.7  hours  in  the  same  manner  as  in  Example  1  except  that  no  hexafluoro- 
propylene  was  used,  the  charged  amounts  of  CH2=CF(CF2)3H  and  cyclohexane  were  changed  to  8.0  g  and  3.6  g, 
respectively,  and  the  molar  ratio  of  a  supplemented  mixed  gas  of  tetrafluoroethylene,  ethylene  and  CH2=CF(CF2)3H 
was  changed  to  52.2:46.3:1.5,  and  a  powdery  polymer  (101  g)  was  obtained. 

25  Monomer  composition:  Molar  ratio  of  tetrafluoroethylene:ethylene:CH2=CF(CF2)3H  =  54.2:44.2:1  .6 
Melting  point:  263°C 
Melt  flow  rate:  1  1  .5  g/10  min. 
Haze  of  a  2  mm  thick  sheet:  80.1  % 

30  [0048]  The  decreasing  rate  of  a  haze  per  one  mole  %  of  hexafluoropropylene  was  about  1  4  %/1  mole  %  of  hexafluor- 
opropylene,  in  comparison  with  the  result  of  Example  1  . 

Comparative  Examples  2-4 

35  [0049]  Polymerization  was  carried  out  in  the  same  manner  as  in  Example  1  except  that  the  charged  amounts  of  per- 
fluorocyclobutane  and  hexafluoropropylene  were  changes  as  shown  in  Table  1  ,  the  charged  amount  of  cyclohexane 
was  changed  to  3.0  g,  and  the  molar  ratio  of  a  mixed  gas  of  tetrafluoroethylene  and  ethylene  was  53.8:46.2,  and  a  pow- 
dery  polymer  was  obtained. 
[0050]  The  transparency  of  the  polymer  film  increased  in  proportional  to  the  amount  of  hexafluoropropylene  in  the 

40  polymer.  The  increasing  percentage  was  4.8  %/1  mole  %  of  hexafluoropropylene. 

Table  1 

C.  Ex.  1  C.  Ex.  2  C.  Ex.  3 

Perfluorocyclobutane  g  850  800  740 

Hexafluoropropylene  g  350  400  460 

Polymer  composition 

-tetrafluoroethylene  mole%  50.8  50.5  50.0 

-ethylene  mole%  42.3  41.8  41.4 

-hexafluoropropylene  mole%  6.9  7.7  8.6 

Melting  point  °C  236  232  217 

Haze  %  55.9  54.4  47.8 
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Example  8 

[0051]  In  a  glass-lined  autoclave  having  an  internal  volume  of  1280  liters,  deoxygenated  water  (380  liters)  was 
charged,  and  the  internal  space  of  the  autoclave  was  evacuated.  Then,  perfluorocyclobutane  (240  kg)  and  hexafluoro- 

5  propylene  (37.4  kg)  were  charged  into  the  autoclave,  and  the  internal  temperature  was  maintained  at  35°C.  After  that, 
CH2=CF(CF2)3H  (1.125  kg)  and  cyclohexane  (1.65  kg)  were  charged  into  the  autoclave,  and  then  the  mixed  gas  of 
tetrafluoroethylene  and  ethylene  (a  molar  ratio  of  83:17)  was  injected  up  to  12  kgf/cm2G  while  stirring.  Thereafter,  di-n- 
propyl  peroxydicarbonate  (660  g)  was  charged  to  initiate  polymerization. 
[0052]  Then,  the  polymerization  was  carried  out  for  49  hours  while  additionally  charging  the  mixed  gas  of  tetrafluor- 

10  oethylene,  ethylene,  hexafluoropropylene  and  CH2=CF(CF2)3H  (a  molar  ratio  of  51  .6:44.7:3.0:0.71)  into  the  autoclave 
to  maintain  the  internal  pressure  at  12  kgf/cm2G,  since  the  internal  pressure  decreased  as  the  polymerization  pro- 
ceeded. 
[0053]  After  the  termination  of  the  polymerization,  the  content  in  the  autoclave  was  recovered,  and  thus  a  powdery 
polymer  (184  kg)  was  obtained. 

15 
Monomer  composition:  Molar  ratio  of  tetrafluoroethylene:ethylene:  hexafluoropropylene:CH2=CF(CF2)3H  = 
53.1:42.9:3.1:0.9 
Melting  point:  256°C 
Melt  flow  rate:  39  g/10  min. 

20  Haze  of  a  2  mm  thick  sheet:  56.9  % 

[0054]  The  obtained  copolymer  was  extruded  at  a  resin  temperature  of  320°C  to  form  a  film  having  a  thickness  of  60 
urn.  The  tear  strength  of  the  formed  film  is  shown  in  Table  2. 

25  Comparative  Example  5 

[0055]  Polymerization  was  carried  out  in  the  same  manner  as  in  Example  8  except  that  no  hexafluoropropylene  was 
used,  the  charged  amounts  of  CH2=CF(CF2)3H  and  cyclohexane  were  changed  to  2.55  kg  and  1  .65  kg,  respectively, 
and  the  molar  ratio  of  a  supplemented  mixed  gas  of  tetrafluoroethylene,  ethylene  and  CH2=CF(CF2)3H  was  changed  to 

30  53.0:44.9:2.1  ,  and  a  powdery  polymer  (240  kg)  was  obtained. 

Monomer  composition:  Molar  ratio  of  tetraf  luoroethylene:ethylene:CH2=CF(CF2)3H  =  54.7:43.1  :2.2 
Melting  point:  258°C 
Melt  flow  rate:  7.7  g/10  min. 

35  Haze  of  a  2  mm  thick  sheet:  62.6  % 

[0056]  The  tear  strength  of  a  film,  which  was  formed  by  the  same  method  as  in  Example  8,  is  shown  in  Table  2. 
[0057]  The  tear  strength  of  the  film  in  the  extrusion  direction  was  identical  to  that  of  Example  8,  but  the  anisotropy  was 
large  and  thus  the  film  had  a  low  tear  strength  in  the  transverse  direction. 

40 
Comparative  Example  6 

[0058]  Polymerization  was  carried  out  in  the  same  manner  as  in  Comparative  Example  5  except  that  the  charged 
amount  of  cyclohexane  was  changed  to  1  .83  kg,  and  a  powdery  polymer  (240  kg)  was  obtained. 

45 
Monomer  composition:  Molar  ratio  of  tetrafluoroethylene:ethylene:CH2=CF(CF2)3H  =  53.5:44.3:2.2 
Melting  point:  260°C 
Melt  flow  rate:  22  g/10  min. 
Haze  of  a  2  mm  thick  sheet:  64.5  % 

50 
[0059]  The  tear  strength  of  a  film,  which  was  formed  by  the  same  method  as  in  Example  8,  is  shown  in  Table  2. 
[0060]  The  anisotropy  of  the  film  was  somewhat  improved  in  comparison  with  the  film  of  Comparative  Example  5,  but 
the  tear  strength  of  the  film  deteriorated. 
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Table  2 

Example  8  C.  Ex.  5  C.  Ex.  6 

Tear  strength  (kgf/mm) 
-extrusion  direction  (MD)  31.8  29.0  25.3 

-transverse  direction  (TD)  31.9  12.3  18.3 

Ratio  of  tear  strength  (MD/TD)  1.00  0.42  0.72 

Claims 

1  .  A  fluorine-containing  copolymer  comprising 

ethylene, 
tetrafluoroethylene, 
a  fluorovinyl  compound  of  the  formula: 

CH2=CFRf  (1) 

wherein  Rf  is  a  fluoroalkyl  group  having  2  to  10  carbon  atoms,  and 
hexafluoropropylene, 

in  which  a  molar  ratio  of  tetrafluoroethylene  to  ethylene  is  from  40:60  to  90:10,  the  content  of  the  above  fluorovinyl 
compound  of  the  formula:  CH2=CFRf  is  from  0.1  to  10  mole  %  based  on  the  whole  copolymer,  and  the  content  of 
hexafluoropropylene  is  from  0.1  to  30  mole  %  based  on  the  whole  copolymer. 

2.  A  fluorine-containing  copolymer  according  to  claim  1  ,  wherein  the  content  of  hexafluoropropylene  is  from  0.1  to  20 
mole  %  of  the  whole  copolymer. 

3.  A  fluorine-containing  copolymer  according  to  claim  1  ,  wherein  the  molar  ratio  of  tetrafluoroethylene  to  ethylene  is 
from  50:50  to  70:30,  the  content  of  said  fluorovinyl  compound  is  from  0.1  to  6  mole  %  of  the  whole  copolymer,  and 
the  content  of  hexafluoropropylene  is  from  0.1  to  20  mole  %  of  the  whole  copolymer. 

4.  A  fluorine-containing  copolymer  according  to  claim  1  or  3,  wherein  the  content  of  hexafluoropropylene  is  from  0.1 
to  10  mole  %  of  the  whole  copolymer. 

5.  A  fluorine-containing  copolymer  according  to  claim  1  ,  2  or  3,  wherein  said  fluorovinyl  compound  is  a  compound  of 
the  formula: 

CH2=CF(CF2)nH 

wherein  n  is  an  integer  of  3  to  5. 

6.  A  weather-resistant  protective  film  comprising  a  fluorine-containing  copolymer  as  claimed  in  any  one  of  claims  1  to 
5. 

7.  A  film  for  an  agricultural  housing  comprising  a  fluorine-containing  copolymer  as  claimed  in  any  one  of  claims  1  to  5. 

8.  A  film  for  construction  comprising  a  fluorine-containing  copolymer  as  claimed  in  any  one  of  claims  1  to  5. 
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